INTRODUCTION
Glucocorticoid hormones regulate mouse mammary tumor virus (MMTV) protein maturation in stably infected derivatives of mouse lymphoma cell line WEHI7 (1) and rat hepatoma cell line HTC (2) . MMTV proteins, like those of other retroviruses, are synthesized as precursor polyproteins. The precursor for the envelope glycoproteins undergoes posttranslational modification by addition of five A/-linked carbohydrate chains, and is proteolytically cleaved to produce the mature MMTV glycoproteins (3) . In the MMTV-infected lymphoma cell line W7MG1, there is a 4-to 5-fold increase in MMTV RNA levels when cells are grown in medium containing the glucocorticoid dexamethasone (dex) for 8 h, and the rate of synthesis of the precursor polyprotein Pr74 env increases proportionately. However, the level of the mature viral glycoproteins, gp52 and gp33, on the 0888-8809/87/0491 -O499$02.00/0 Molecular Endocrinology Copyright © 1987 by The Endocrine Society cell surface increases much more than 4-to 5-fold, because the hormone also regulates one or more posttranslational steps in viral gene expression (1) .
We have isolated variants of W7MG1 with altered patterns of MMTV protein maturation (1) . Two variants, W7M302b and W7M326. 4 , exhibit hormone-independent expression of the mature viral glycoproteins; high levels of gp52 and gp33 are detected on the surface of these cells even in the absence of steroid. Another variant, W7M329a, expresses lower than wild-type levels of MMTV glycoproteins on the cell surface, both before and after hormone treatment. The variant phenotypes are not due to altered levels of MMTV RNA or rates of synthesis of the polyprotein precursor. Instead, the altered expression of viral antigens is due to differences in posttranslational steps in viral gene expression.
The variant phenotypes could theoretically be due to changes in any of three posttranslational processes: protein maturation, transport to the cell surface, or protein turnover. In this report we present results from isotope pulse-labeling and pulse-chase studies, which were used to examine directly the effect of glucocorticoid on the first of these processes, i.e. the production of the mature forms of MMTV glycoproteins from the polyprotein precursor. In addition, stable somatic cell hybrids were constructed by cell fusion to determine the dominant or recessive nature of the variant phenotypes with respect to the wild-type phenotype. If the variant phenotype is dominant, the hybrid should show the same phenotype as the variant parental cell line; if the variant phenotype is recessive, it should be masked by the wild-type phenotype in the hybrid. The results of these dominance tests helped to distinguish among a number of alternative hypotheses about the lesions that gave rise to the variant phenotypes.
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Vol. 1 No. 7 (SDS)-polyacrylamide gel electrophoresis, labeled MMTV proteins were visualized by fluorography (Fig.  1) . The number of cell equivalents of immunoprecipitates loaded in each lane of the gel was adjusted to compensate approximately for hormone-induced differences in viral message levels. This adjustment facilitated analysis of hormonal effects on protein processing.
The major species labeled in the 15-min pulse, both in the presence and in the absence of hormone, migrated with an apparent mol wt of 73-74 K (Fig. 1A) . This band contained the two polyprotein precursors, Pr73 9ag and Pr74 env , for the mature viral capsid proteins and glycoproteins, respectively; the two precursors comigrate under these conditions (1) . Also seen were minor gag-related species of 105, 160, and 200 kilodaltons (kd), which served as useful controls for assessing the balance of MMTV protein labeling between hormone-treated and control samples or between variant and wild-type samples. Variants 302b and 326.4 also contained a 70-kd gag-related species (lanes 1 -4) that was not observed in wild-type W7MG1 cells (lanes [7] [8] .
After a 2-h chase period, two additional MMTV glycoprotein species accumulated in hormone-treated W7MG1 cells (Fig. 1B, lane 8 ), but not in control cells (lane 7). These two species, with apparent molecular masses of 52 K and 32-33 K (a doublet), can also be immunoprecipitated with antisera against the purified MMTV glycoproteins gp52 and gp33 (1) . During the chase of the hormone-treated cells, label first appeared in gp52 and gp33 at 15 min, reached steady state levels between 1 and 3 h, and then began to decline in amount (data not shown). Therefore, in W7MG1 cells the mature MMTV glycoproteins are produced from the precursor polyprotein in a glucocorticoid-regulated manner.
Variants 302b and 326.4 express MMTV glycoproteins on the cell surface at a constitutive elevated level (1). The pulse-chase studies for these variants indicated a pattern of protein processing different from that in the wild-type cells. After the chase the mature proteins, gp52 and gp33, were observed in comparable high amounts in both control and hormone-treated cells, if the hormone-induced changes in MMTV RNA levels are taken into account (Fig. 1B, lanes 1-4) . These data demonstrate that in the constitutive or hormone-independent variants, the appearance of mature MMTV glycoproteins on the cell surface in the absence of dex was due to constitutive production of the mature glycoproteins from the polyprotein precursor. ]methionine. B, Cells were pulse-labeled for 30 min and then transferred to chase medium with excess unlabeled methionine for 2 h. Labeled MMTV proteins were immunoprecipitated, separated on 11.5% SDS-polyarylamide gels, and visualized by autofluorography. The amounts of immunoprecipitates loaded on the gels were adjusted to compensate for the differences in MMTV RNA levels between control and dextreated cells and for different labeling efficiencies between cultures. Labeling efficiencies were measured by precipitating aliquots of the cell extracts with trichloroacetic acid. The adjustments for MMTV RNA levels for each cell line were: 302b, 3X; 326.4, none; 329a, 4X; W7MG1, 4X. As a result of the adjustments, all eight lanes in each panel should have equivalent amounts of label incorporated into MMTV proteins. The approximately uniform labeling of the 105-kd MMTV gag-related species (arrow) in all lanes of each panel demonstrated that the adjustments made were approximately correct. Molecular weight standards are indicated on the left and MMTV proteins on the right. The identities of the three MMTV glycoprotein species (Pr74, gp52, and gp33) were previously established with specific antisera (1).
Variant 329a expresses lower levels of gp52 on the cell surface than W7MG1 (1) . As in the wild-type cells, the mature viral glycoproteins accumulated in 329a cells during the chase in the presence of dex (Fig. 1B, lane  6 ), but not in untreated cells (lane 5). However, the level of the mature MMTV glycoproteins (gp52 and gp33) produced in hormone-treated 329a cells was less by about one-half than in W7MG1. It appears that the difference between 329a and W7MG1 in terms of viral glycoprotein processing is a quantitative one; the processing of the precursor polyprotein does occur although not as efficiently as in the wild-type cells.
The pulse-chase results described here were consistently observed in all of five independent comparisons of W7MG1 and 329a cells and three experiments for 302b and 326.4 cells.
Characterization of Glucocorticoid Receptors in the Variant Cells
Variant 326.4 grew with no sign of cytolysis or reduction in growth rate in high concentrations of dex; furthermore, in 326. 4 6 The percentage of bound hormone that was associated with the nuclear fraction is presented as the mean and SD of two to four independent experiments, with triplicate points in each experiment. c The percentage listed is relative to diploid W7MG1. However, 302b is tetraploid. Compared with the normal tetraploid number of receptors (66,000), 302b has 39%. and a second gene that produces nuclear transferdeficient (nt~) receptors.
Whole cell binding of [ 3 H]dex by 302b cells was about 80% of the binding by W7MG1 cells (Table 1 ). The nuclear transfer efficiency of 60% (Table 1) is also within the normal range. The glucocorticoid receptors in 302b cells are functional, since glucocorticoids cause a 3-to 4-fold increase in the MMTV RNA level and in the rate of synthesis of the glycoprotein precursor; however, this variant is resistant to the cytolytic effects of high concentrations (1 HM) of dex (1) . Cells with 80% of the wild-type glucocorticoid receptor level would not normally be resistant to dex. However, fluorescence flow cytometry analysis of propidium iodide-stained cells indicated that 302b cells are approximately tetraploid (see below); they contain about twice as much DNA as the parental W7MG1 line. Previous studies with somatic cell hybrids have indicated that the number of glucocorticoid receptors must be interpreted in light of the ploidy of the cells; i.e. fusing a wild-type cell with a receptor-negative cell produces a hybrid with an intermediate level of glucocorticoid sensitivity (4). Thus, variant 302b contains only about 40% of the normal tetraploid complement of glucocorticoid receptors; this intermediate level of receptors is at least partly responsible for the glucocorticoid resistance of these cells. However, the degree of hormone resistance in 302b cells suggests the possibility of an additional lesion that specifically affects the cytolytic pathway. Normally, variants with greater than 25% of the wild-type glucocorticoid receptor complement retain their sensitivity (cytolytic response) to high glucocorticoid concentrations.
The glucocorticoid receptors in 329a cells were normal by all criteria examined, including abundance and nuclear transfer efficiency (Table 1) . Furthermore, with the exception of protein processing, all of the measurable glucocorticoid responses in 329a cells were equivalent in magnitude to those in wild-type cells (1) . The level of MMTV RNA and the rate of synthesis of the viral glycoprotein precursor were stimulated by glucocorticoid to the same extent as in wild-type W7MG1 cells. In addition, growth and viability of 329a and wildtype W7MG1 cells were sensitive to the same low concentrations of dex.
For each of the three cell lines electrophoretic blotting analyses (Northern and Western) of glucocorticoid receptor RNA and protein produced quantitative results similar to those obtained with the hormone-binding studies and also demonstrated that the sizes of the receptor gene products were normal or very close to normal (not shown).
Fusion of Variants with Wild-Type Cells for Phenotype Dominance Tests
The wild-type W7MG1 cells and all three variants are deficient in the enzyme hypoxanthine-guanine phosphoribosyl transferase. Each of these four cell lines was fused with two different uninfected WEHI7-derived cell lines that were thymidine kinase-deficient: W7.418, which lacks glucocorticoid receptors; and W7TB, which has the normal complement of receptors. Two or three independent hybrid clones from each fusion were analyzed for MMTV gene expression.
The DNA content of each parental and hybrid clone was measured using the fluorochrome propidium iodide ( G1 phase of the cell cycle. The smaller peak at channel 63 represents cells in M and G2. The G1 peak channel number for each cell line was used to calculate the approximate ploidy by extrapolation from reference values for the G1 and G2 peaks of diploid W7MG1 cells and of tetraploid W7MG1 x W7TB cells ( Table 2 ). The G1 peak for 302b was at channel number 67 (Fig. 2B) ; the 302b cells are therefore approximately tetraploid (N was calculated as 4.4). For variant 329a (C) the G1 peak at channel 35 indicated a diploid DNA content (N = 2.1). Variant 326.4 and the two uninfected lines, W7TB and W7.418, had fluorescence profiles identical to that for W7MG1 (not shown). T w o representative hybrids are shown in D (a putative hexaploid line) and E (a putative tetraploid). Five independent 302b hybrid lines (putative hexaploids) had apparent ploidy values ranging from 5.7-6.4; for the three 326.4 hybrids (putative tetraploids) N varied from 3.8-4.0; and for five 329a hybrids (putative tetraploids) the range was 3.6-3.7 (Table 2) . Two control tetraploid hybrids made with W7MG1 had ploidy values of 4.0 and 4.1.
The Constitutive MMTV Glycoprotein Processing Phenotype is Dominant over the Wild Type in Cell Hybrids
The efficiency of cell binding to Petri dishes coated with a monoclonal antibody directed against gp52 was employed as a measure of the relative amount of viral glycoprotein on the surface of the cells before and after exposure to steroid. Wild-type W7MG1 cells bind poorly to the dishes (<1%) in the absence of steroid; when exposed to 1 pM dex for 8 h about 90% of the cells bind to the dishes (6). The results of this panning assay have been shown to correlate well with those obtained by flow cytometric techniques and by electrophoretic analysis of radioiodinated cell surface proteins (1). The constitutive variants bind to the dishes at high levels (94% for line 302b, 59% for line 326.4) even without exposure to dex (Table 2) . Three randomly chosen, independent hybrid clones of 302b with W7.418 (the uninfected, glucocorticoid receptor-negative line) and three more hybrid clones of 302b x W7TB (the uninfected, receptor-positive line) bound to the dishes at elevated levels (65-96%) even when not grown in dex (Table 2 ). In contrast, control hybrids formed between W7MG1 and W7.418 or W7TB did not bind to the antibody-coated dishes in the absence of hormone. For all of the above hybrids growth in the presence of dex increased cell binding to nearly 100%.
The other variant with hormone-independent expression of MMTV antigens on the cell surface is 326.4. All three hybrid clones isolated from the 326.4 x W7.418 fusion exhibited elevated binding to the dishes (12-31%) in the absence of hormone treatment compared with W7MG1 x W7.418 control hybrids (1-2%). The binding of all three 326.4 x W7.418 clones increased substantially when exposed to dex; this observation was unexpected in light of the demonstrated receptor deficiencies of both parent cell lines. As discussed above, variant 326.4 lacks functional glucocorticoid receptors and exhibits none of the typical glucocorticoid responses. Therefore, the glucocorticoid-responsive expression of MMTV gene products in the 326.4 x W7.418 hybrids suggests that W7.418 may have a low number of functional receptors, in spite of its demonstrated low levels of glucocorticoid-binding activity (7) .
We have shown that the high level of expression of MMTV antigens on the surface of 302b and 326.4 cells is not due to elevated levels of MMTV RNA, but is due to a change in the posttranslational glycoprotein maturation pathway (Fig. 1) (1) . To test this relationship for the hybrid clones, we determined the levels of MMTV RNA, using cytoplasmic dot hybridization, and normalized the data to the level in W7MG1 cells grown without dex ( Table 3 ). All of the hybrids had slightly elevated basal levels of MMTV RNA, ranging from 1.1-3.3 times the level in W7MG1 cells. However, there was no consistent difference in basal levels of MMTV RNA in hybrids formed from the constitutive variants (302b and 326.4), from the protein processing deficient variant (329a), or from the wild-type W7MG1 cells. Furthermore, these modestly elevated levels of MMTV RNA cannot account for the substantial increases in binding to the antibody-coated dishes observed for 302b, 326.4, and the hybrids derived from them, compared with control hybrids formed with W7MG1.
The Defective MMTV Glycoprotein Processing Phenotype is also Dominant over the Wild Type in Cell Hybrids
Hormone-treated 329a cells bound to the antibodycoated dishes less efficiently than W7MG1 cells (32% vs. 85%), indicating that 329a cells express lower than wild-type levels of viral cell surface proteins (Table 2) (1). All six hybrid clones of 329a x W7.418 and 329a x W7TB also bound less efficiently in the panning assay after hormone treatment than control hybrids of W7MG1 x W7.418 or W7MG1 x W7TB (Table 2) . Because the differences here are quantitative rather than qualitative, two independent panning experiments were performed; reproducible results were obtained for each hybrid clone. The receptor content in cell hybrids formed from these lymphoma lines is normally the sum of the receptors in the two parent lines (4). This may account for the consistently lower results observed in the panning assay with 329a x W7.418 hybrids (3-57%) compared with 329a x W7TB hybrids (55-75%).
To obtain a more direct and quantitative measure of the relative amounts of MMTV antigens on the surface of wild-type, variant, and hybrid cells, we employed fluorescence flow cytometry with antiserum directed against MMTV gp52 and a secondary fluorescent antibody (Fig. 3) . All hybrids of 329a with W7.418 had lower levels of fluorescence, both before and after hormone treatment, than comparably treated W7MG1 x W7.418 hybrids. Similarly, all 329a x W7TB hybrids had lower levels of fluorescence than the W7MG1 x W7TB hybrids. In controls where the primary antiserum was omitted, the hybrid cells had a much higher background fluorescence than the parents. This accounts for the higher apparent basal level fluorescence for W7MG1 x W7.418, compared with that for W7MG1. The increased background is probably due to the larger size of the hybrids, with a correspondingly greater surface area for nonspecific interactions and a larger number of antibody Fc receptors, which have been observed on these cells (Nori, M., and M. R. Stallcup, unpublished).
Cytoplasmic dot hybridization studies demonstrated that the hormone-stimulated levels of MMTV RNA in the 329a hybrid lines were approximately equal to the hormone-stimulated levels in W7MG1 x W7.418 and W7MG1 x W7TB hybrids (Table 3) . We therefore conclude that the reduced expression of MMTV cell surface antigens in hybrids of 329a with wild-type cells, compared with control hybrids, is due to alterations in posttranslational processes, as was the case for the original 329a variant. 
DISCUSSION
The 74 kd envelope precursor is the first MMTV glycoprotein to appear during pulse labeling, and the rate of its synthesis is proportional to the cytoplasmic level of MMTV RNA (1) . The appearance of the mature viral glycoproteins, gp52 and gp33, was delayed for about a half hour and in wild-type cells was dependent upon glucocorticoid to a greater extent than the synthesis of Pr74 env . Thus, the results of the isotope pulse-chase experiments presented here demonstrated that in mouse lymphoma cells the production of mature MMTV glycoproteins from a polyprotein precursor depends on glucocorticoid stimulation of protein processing. Similar observations have been reported for MMTV protein processing in a rat hepatoma cell line (2).
The exact step at which processing of MMTV glycoproteins is regulated by glucocorticoid has not been determined. The maturation process of the viral glycoproteins involves cotranslational addition of core oligosaccharides from the lipid carrier to asparagine residues on the protein precursor, trimming of the high-mannose oligosaccharides, addition of the more complex carbohydrate side chains, and proteolytic cleavage (3). Potentially any one (or more) of these enzymatic steps could be the one regulated by glucocorticoid. Alternatively, the transport of the viral proteins between microsomal compartments or their accessibility to enzymes that carry out the different processing steps could be hormonally controlled. These protein sorting mechanisms would require a specific signal on the viral glycoprotein precursor to direct it into the glucocorticoidregulated branch of the cellular protein processing pathway. There are now a number of precedents for such sorting signals, including a C-terminal tetrapeptide sequence that is responsible for the localization of specific proteins in the endoplasmic reticulum (8) .
The constitutive or hormone-independent protein processing variants, 302b and 326.4, express MMTV cell surface antigens at high levels even when not grown in the presence of glucocorticoid. The previous report (1) demonstrated that the altered function in these variants was at the posttranslational level of MMTV gene expression. The variant phenotype could be due to changes in protein processing, transport between the Golgi and cell surface, or protein turnover. We have not yet examined the latter two directly. However, pulse-chase studies described above demonstrated that these cells produced the mature viral glycoproteins from the envelope precursor protein without exposure to glucocorticoid. Since the rate of precursor synthesis in the absence of hormone was the same in variant and wild-type cells (1), the production of mature MMTV glycoproteins in the unstimulated variant is apparently due to an alteration in the protein-processing pathway.
As is generally the case for somatic cell hybrids, there was some variation in the ploidy of various independently derived hybrid lines; however, the calculated ploidy values were always within 10% of that expected for ideal hybrids. Since consistent phenotypes were observed for all of the independent hybrid clones obtained from each fusion experiment, and since control W7MG1 hybrids were always used for comparison, the conclusions drawn from these data are almost certainly valid. Of course, the results obtained from the hexaploid hybrids must be evaluated with some caution, because of the unequal representation of the two parent genomes in the hybrids.
In hybrid cells the constitutive phenotype was dominant over the wild type. Thus, the variant phenotype is not likely to occur through the elimination of a repressor molecule or the loss of any other cellular function, since such mutations would normally be recessive. Instead, the dominant variant phenotype may arise in one of several ways. The cellular enzyme/protein that carries out the hormone-regulated step in wild-type cells may be constitutively expressed or activated in the variant, due to (for example) an up-promoter mutation. Alternatively, the variant phenotype may originate by the expression of a previously silent gene that allows the MMTV precursor protein to bypass the hormonally regulated step in the maturation pathway. For example, activation of a novel glycosyl transferase gene could allow the precursor polyprotein to proceed along the maturation pathway without the hormone-regulated step. In CHO cells some dominant lectin-resistant phenotypes have been attributed to the activation of novel glycosyl transferase activities (9, 10) .
Two other possibilities have not been eliminated. First, it is conceivable that the glucocorticoid receptors in the constitutive variants are abnormal in such a way that activation of the glucocorticoid-regulated processing gene takes place in the absence of the steroid. However, we have isolated constitutive MMTV proteinprocessing variants that exhibit varying degrees of glucocorticoid receptor function. Variant 302b is resistant to cytolysis but retains the hormonal stimulation of MMTV transcription; variant 326.4 has no measurable glucocorticoid responses (1) . Additional constitutive variants with completely normal glucocorticoid receptor numbers and glucocorticoid responses have also been isolated (Byravan, S., and M. R. Stallcup, unpublished). Thus, there is no consistent pattern of other glucocorticoid responses associated with constitutive MMTV protein processing. The second possible explanation is a mutation in a proviral env gene. We do not know how many of the 12 potentially active MMTV genomes in W7MG1 actually function. If one provirus produces the majority of the MMTV RNA, a mutation in this provirus could conceivably produce an envelope precursor protein that is processed by an alternate, hormone-independent pathway, and gives rise to the constitutive phenotype.
We believe that the hormone resistance and the constitutive MMTV protein processing of variants 302b and 326.4 are due to two separate lesions in each cell line. This view is supported by the quantitative or functional deficiencies demonstrated for glucocorticoid receptors in both lines and by the separation of these two phenotypes in more recently isolated constitutive variants (discussed above).
The defective protein processing variant 329a expresses lower levels of MMTV cell surface antigens than wild-type cells. In pulse-chase studies the production of mature viral glycoproteins appeared to be less efficient in 329a than in W7MG1. Although this difference was reproducible, a precise quantification is difficult to achieve with this assay. Nevertheless, the results demonstrated that the reduced cell surface expression of gp52 in 329a was definitely not due to a complete failure to produce the mature forms of MMTV glycoproteins, and was, instead probably due to reduced efficiency of the maturation process.
In cell hybrids the phenotype of 329a appeared to be dominant over the wild-type phenotype, since cell surface levels of MMTV proteins were consistently lower in the 329a hybrids than in control hybrids. This result eliminated a simple enzyme/protein deficiency in the protein processing pathway as a possible cause of the variant phenotype, because a deficiency should be recessive in such hybrids. The phenotype could be explained by a model in which expression of a novel glycosyl transferase or a factor involved in intracellular transport modifies the precursor polyprotein or targets it to a cellular compartment, such that it is not available to be proteolytically processed into the mature glycoproteins. This dead-end pathway could cause reduced accumulation of the mature MMTV proteins on the cell surface. As in the case of the constitutive variants, novel types of glucocorticoid receptor mutations or lesion/s in the env region of a dominant provirus also cannot be eliminated from consideration at this time.
MMTV-infected cells represent a unique model system for studying hormonal regulation of gene expression at the posttranslational level, and also the problems of specific macromolecular sorting and compartmentalization. The lesions in the variant cell lines described here appear to be at or near the glucocorticoid-regulated posttranslational step(s) of MMTV glycoprotein gene expression. The powerful combination of biochemical and genetic approaches that is now accessible through this experimental system should facilitate the elucidation of the specific hormone-regulated step and the mechanisms that govern the discrete hormoneregulated and nonregulated pathways for expression of viral and cellular glycoproteins on the cell surface.
MATERIALS AND METHODS

Cell Lines and Culture
W7MG1 (6) is derived from a mouse T-lymphosarcoma cell line, WEHI7 (11) , which has been infected with MMTV. W7M302b, W7M326.4, and W7M329a are variant cell lines derived from W7MG1 (1). W7MG1 and all the variant cell lines are deficient in the enzyme hypoxanthine-guanine phosphoribosyl transferase. Cell lines W7.418 and W7TB are thymidine kinase-deficient derivitives of WEHI7. Clone W7.418 has no measurable glucocorticoid binding activity, while W7TB has a normal complement of receptors (7) . All cultures were grown in Dulbecco's Modified Eagle's Medium with high glucose (DMEM) supplemented with 10% heat-inactivated horse serum.
Pulse-Chase Analysis of MMTV Protein Synthesis and Processing
Control cells (5 million) and cells grown for 6 h in 1 HM dex were washed once in methionine-deficient DMEM supplemented with 5% dialyzed fetal calf serum and were then resuspended in 0.25 ml same medium in 15-ml conical tubes. For pulse labeling, cells were incubated in this medium at 37 C for 15 min, and then 0.1 mCi [ 35 S]methionine (SA, 1000 Ci/ mmol, New England Nuclear, Boston, MA) was added for 15 min at 37 C. Cells were pelleted by centrifugation for 5 min at room temperature at 200 x g, and the cell pellet was frozen in a dry ice-ethanol bath and stored at -2 0 C. For pulse-chase analysis, the incubation with [ 35 S]methionine was for 30 min; the labeled cell pellet was then resuspended in 5 ml complete medium (DMEM + horse serum) containing 2 mM unlabeled methionine (Sigma Chemical Co, St. Louis, MO) and incubated at 37 C for 2 h in a 25-cm 2 culture flask. For hormone-treated cultures 1 HM dex was also included in the pulse and chase medium. After the chase, cells were pelleted by centrifugation and frozen. Labeled cells were solubilized, immunoprecipitated, and analyzed by SDS-polyacrylamide gel electrophoresis as previously described (1), except that 7 n\ antiserum against total MMTV proteins and 125 n\ 10% solution of fixed Staphylococcus aureus (IgG Sorb, The Enzyme Center, Maiden, MA) were used for the immunoprecipitation.
Total incorporation of methionine, which served as a measure of labeling efficiency, was determined by trichloroacetic acid precipitation of a small portion of the solubilized cell extract before immunoprecipitation. There were no consistent differences in labeling efficiencies between cell lines or between hormone-treated and control cells. For each labeled extract the fraction of the immunoprecipitates loaded on the gel was adjusted for labeling efficiency. The amount of each sample from hormone-treated cells was also adjusted for the hormone-stimulated increase in the MMTV RNA level as follows: W7MG1, 4X; 302b, 3X; 326.4, no change; 329a, 4X. In the absence of hormone the MMTV RNA levels were approximately equal in all four cell lines.
Characterization of Glucocorticoid Receptors
A whole cell [
3 H]dex-binding assay was used to determine the relative amount of hormone bound by variant and wild-type cells (12) . Relative binding was determined at 37 C at a dex concentration of 20 nM. The percent of the activated glucocorticoid receptor-hormone complex associated with cell nuclei was determined by lysing the [ 3 H]dex-labeled and washed cells in buffer containing NP40 detergent, pelleting the nuclei by centrifugation, and counting the separated cytoplasmic and nuclear fractions (13) .
Cell Fusion and Selection of Hybrids
Cells from the two lines to be fused (5 million of each) were mixed and washed once with 5 ml serum-free DMEM. Cells were pelleted by centrifugation at room temperature, and the supernatant was removed completely by aspiration. The cell pellet was dislodged by gentle tapping and resuspended in 1 ml 50% (wt/vol) filter-sterilized polyethylene glycol-1450 (J. T. Baker, Phillipsburg, NJ) in serum-free DMEM. After exactly 1 min the polyethylene glycol solution was diluted by adding 9 ml serum-free DMEM. Cells were pelleted by centrifugation at room temperature at 200 x g and washed once in serum-free DMEM. The cell pellet was then suspended in cloning medium (DMEM, 20% fetal bovine serum, 13 Mg/ml hypoxanthine, 4 Mg/ml thymidine) and aliquoted into two 96-well plates. After 24 h aminopterin was added to 0.16 fig/m\ (HAT medium) (14) . After 8-10 days fluorishing clones were grown to mass cultures in DMEM supplemented with 10% horse serum, hypoxanthine, and thymidine. Hybrid clones were obtained at a frequency of 1 -5 per 10 6 parental cells.
Quantification of DNA Content of Cells
The DNA content of cell lines was measured by flow cytometry of Pl-stained cells (5) . Briefly, cells were fixed with 50% methanol for 30 min on ice, washed once with PBS, and treated with 150 U/ml RNase A in PBS at 37 C. After 30 min, the cells were transferred to the staining solution (10 /ng/ml PI in 0.12% sodium citrate), incubated on ice for at least 1 h, and analyzed on the linear scale of a Becton-Dickenson FACSIV instrument. Standard chromosome counts have demonstrated that WEHI7 and W7MG1 are diploid (12, 15) . Although the linear scale of the FACS instrument was used, the relationship between fluorescence channel number and ploidy was not strictly linear. The peak channel number for diploid cells in the G2 phase of the cell cycle was, on the average, only 1.75 times the G1 peak channel number. Therefore, the approximate ploidy for each cell line was calculated by extrapolation from a graph of channel number vs. ploidy, constructed from the following three points: the G1 peak channel number for W7MG1 = 2N; the G2 peak channel number for W7MG1 = the G1 peak channel number for hybrid line W7MG1 x W7TB (C2a) = 4N; the G2 peak channel number for W7MG1 x W7TB (C2a) = 8N.
Measurement of Cytoplasmic MMTV RNA Levels
Formaldehyde-fixed cytoplasmic extracts were applied to nitrocellulose (16) with a Schleicher and Schuell (Keene, NJ) Minifold apparatus; hybridization was performed with a nicktranslated MMTV DNA probe and quantified by densitometer scan (1) . Variations in cell size for the different lines precluded the use of control hybridization probes from different genes as a standardization method. Instead, cells were counted by hemacytometer, and equal numbers of cells from each culture were harvested for analysis. Fixed cytosol from uninfected WEHI7 cells, included in each experiment as a negative control, gave no significant signal (1).
Quantification of MMTV Glycoprotein on the Cell Surface
Panning, or binding of cells to Petri dishes coated with monoclonal antibody 8G2 against the major MMTV surface antigen gp52, was carried out essentially as described (6) , except that Falcon 60-mm tissue culture dishes were used. Fluorescence flow cytometry was performed with a primary rabbit antiserum against MMTV gp52 and a secondary fluorescein isothiocyanate conjugated goat antiserum against rabbit immunoglobu-lins (1). Cells were analyzed on the logarithmic scale of a Becton Dickenson FACS IV instrument. In each case the fluorescence distribution was a symetrical, bell-shaped curve.
